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Abstract 
From designer’s perspective, depending on which activity, idea generation or idea evaluation, a customer is primarily involved for, various 
customer involvements can be classified into three categories: ideation-oriented, evaluation-oriented, and result-oriented. This paper addresses 
two critical questions for the ideation-oriented customer involvement: how to identify the right customers to involve and how to evaluate their 
ideation outcome accordingly. A variety of desirable competences are proposed to assess candidate customer’s qualifications, which include: 
social, cultural, system thinking, product, and technical competences. And a set of design metrics are prescribed to evaluate the customer’s 
ideation outcome, which include: feasibility, testability, clarity, simplicity, and analogy.  
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1. Introduction 
The importance of effectively involving right customers to 
participate and contribute in early stages of the new product 
development (NPD) process is becoming increasingly 
recognized for today’s manufacturers. On one hand, a 
successful product design must begin with soliciting customer 
needs and stimulate customer wants, and it is expectable that 
these need/wants can be more easily identified when the target 
customers are directly involved in NPD. On the other hand, the 
customer’s early and in-time feedback on those premature 
product ideas are likely to guide the manufacturer to quickly 
capture, seize new market opportunity. The importance of 
customer involvement in NPD has been emphasized by many 
previous studies [1-3]. In practice, nevertheless, an effective 
customer involvement is always challenging. This is 
particularly real for the manufacturer of consumer products. 
Unlike an industrial product that targets a relatively small 
customer base, a good consumer product must always 
accommodate diverse demands of a much broader customer 
base. Therefore, how to identify the right customers to involve 
and how to evaluate their inputs accordingly is always a great 
challenge.  
A successful customer involvement often requires the 
effective communication and collaborations between 
customers and designers. From the designer’s perspective, the 
wrong choice of customers to involve not only will interfere 
their ongoing design process, but also it could lead the design 
to a completely different, if not wrong, direction. To date, the 
vast majority of existing studies of customer involvement are 
framed from the customer’s perspective as opposed to from the 
designer’s perspective. As a result, the primary focus often 
hinges on how to gain a better understanding of customer’s 
requirements towards the new product [4]. Examples of such 
studies include: “voice of the customers [5]”, “market 
orientation” [6], “virtual customers” [7-8], “customer as co-
developers [9]”, and “lead users” [10-14]. In contrast, relatively 
few efforts [15-19] have been devoted to leverage customer’s 
knowledge and creativity to generate new product/service ideas 
– an ideation-oriented customer involvement model, which is 
the focus of this paper.   
This paper aims to address two critical research questions 
regarding the ideation-oriented customer involvement: (1) 
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WHO are the right customers to involve; (2) How to evaluate 
the involved customer’s ideation outcomes. For the former 
question, a variety of desirable competences are proposed to 
facilitate the manufacture to identify the right customers to 
involve (see Section 3). For the latter question, a set of 
reasoning-based design metrics are prescribed to evaluate the 
customer’s ideation outcomes systemically (see Section 4).  
2. Classification of Customer Involvements 
In this research, customer involvement from the designer’s 
perspective is formally defined as “a collaboration process in 
which the designer considers, adopts, and improves various 
propositions made by the qualified customers, in order to 
jointly accomplish the new product development”. Early stage 
engineering design involves two essential activities: idea 
generation (or ideation) and idea evaluation [20]. The former 
means developing, proposing, and communicating new design 
ideas; whereas the latter refers to comparing, assessing, and 
judging quality of the generated design ideas. Depending on 
which activity the customer is primarily involved for, various 
customer involvements can be classified into three types: 
ideation-oriented, evaluation-oriented, and result-oriented (or 
ideation-evaluation integrated). 
The ideation-oriented customer involvement means that the 
customer is involved to employ his/her experience, preference, 
and understanding of the product to create new concepts; in 
contrast, the designer relies on his/her engineering knowledge, 
design insights, and technical expertise to determine which 
concept(s) deserves to be further improved, prototyped, and 
optimized. The evaluation-oriented customer involvement 
means that the customer plays the role of evaluating the product 
concepts proposed by the designer, and the customer provides 
feedbacks to the designer to further improve the concepts. 
Finally, the result-oriented customer involvement means that 
the customer is involved to be responsible for the final design 
result. In other words, the designer must closely collaborate 
with the customer to jointly make important decisions of both 
concept generation and concept evaluation. In addition, a 
specific value adding model is developed for each type of 
customer involvement. The formulation of these conceptual 
models is inspired by Ueda’s value generation models based on 
his emergence synthesis theory [21]. The characteristics of each 
customer involvement value model is summarized in Table 1.  
It should be noted that, the proposed classification is slightly 
different the traditional classification of customer involvements 
as “design for customer”, “design with customer”, and “design 
by customer” [22]. According to Kaulio’s classification, 
“design for customer” is a process of developing products on 
behalf of customers based on studies of customer’s preferences 
and behaviors, “design with customer” is a process of inviting 
customers to evaluate the proposed products, and “design by 
customer” is a process of enabling customers to create their own 
products. Based on the comparison, it is clear that the “design 
with customer” and “design by customer” in Kaulio's 
classification can be each regarded as conceptually equivalent 
to the “evaluation-oriented” and “ideation-oriented” customer 
involvement in our classification. However, the “result-oriented 
or ideation-evaluation integrated” model, which features the 
ultimate integration of customers’ wisdoms and designer’s 
knowledge, was not touched by Kaulio’s classification. 
Table 1. Value adding models for different kinds of customer involvements 
Value Model Graphical Illustration and Characteristics 
(1) 
Evaluation-
oriented 
Customer 
Involvement 
Model 
 
1) The market opportunity infomration are collected by 
the manufacturer and transferred to the designer. 
2) The designer proposes multiple new product/service 
ideas. 
3) The customer evaluates the ideas proposed by the 
designer’s based on his/her preferences. 
4) The customer provides the designer with feedbacks 
for further improvement. 
(2) 
Ideation-
oriented 
Customer 
Involvement 
Model 
 
1) The emerging market opportunity is first captured by 
the customer. 
2) The customer generates, proposes ideas of new 
product/service.  
3) The designer assesses quality of the customer’s 
propoed ideas, and developes physical or virtual 
protypes of those promissing ideas. 
4) The design protypes are transfeered back to the 
customer.    
(3) 
Result-
oriented (or 
ideation-
evaluation 
integrated) 
Customer 
Involvement 
Model 
 
1) The market opportunity is provided to both the 
designer and the customer.  
2) The designer and the customer jointly develop and 
propose multiple new product/service ideas.  
3) The designer and the customer collaboratievly 
evaluates all new ideas and determinly the most 
promising idea to be prototyped and optimized 
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There are several reasons why we focus on the ideation-
oriented model. First, the evaluation-oriented model (or the 
“design with customer”) has already been widely studied and 
broadly practiced in the past. Next, although the result-oriented 
model describes the ideal scenario of customer involvement, its 
success must rely on a thorough understanding of both the 
ideation-oriented and evaluation-oriented models, with an 
effective interaction mechanism (e.g., communication, 
negotiation, collaborations, etc.) between the designer and the 
customer. Therefore, its advancement also dependents on a 
better understanding of the ideation-oriented model. Last but 
not least, to date, the vast majority of existing applications of 
the ideation-oriented customer involvement fails to fully 
release the customer’s creativity by offering them sufficient 
freedom of making design decisions. For example, instead of 
allowing the customers to freely propose completely new and 
totally unseen before concepts, it is common that they are only 
allowed to synthesize components that are suggested by the 
designer in different configurations. This is largely because of 
the designer’s lack of confidence of the customer’s ideation 
process and short of measures to evaluate the customer’s 
ideation outcome. In order to draw a clear picture of the 
ideation-oriented customer involvement, this paper aims to 
address the following two research questions in particular: from 
the designer’s perspective, (1) what are the preferable 
competences that constitute a qualified customer to involve; 
and (2) how to evaluate the ideation outcome of the involved 
customers? 
In addition, the ideation-oriented customer involvement can 
be adopted at different design phases. This further increases the 
difficulty of formalizing the model, because various design 
phases might demand different, if not conflicting, customer 
competences and evaluation metrics. Therefore, it is also 
necessary that the above two research questions are explored in 
the context of different design phases. Three design phases are 
considered: functional design, conceptual design, and technical 
design. The three phases differ from each other in terms of 
different forms of ideas being produced. The functional design 
phase aims to determine a product’s key functional 
requirements based on analysis of customer demands. The 
conceptual design phase intends to transform the intangible 
functional requirements to multiple more tangible design 
concepts. Finally, the technical design phase further details 
those promising design concepts by generating their technical 
specifications.  
3. Identification of Right Customers to Involve 
The importance of customers as “idea generators” has long 
been recognized by many past studies. Based on the assumption 
that not all customers can equally contribute to design, many 
efforts have been devoted to distinguish the “desirable” and 
“undesirable” customers. The lead user theory developed by 
Hippel is a prominent example [10-11]. In Hippel’s works, a 
lead user describes the type of customers who are able to 
identify a new market opportunity by foreseeing the future 
needs before mainstream customers, and have the necessary 
capability to develop new products or improving existing ones 
in order to seize the market opportunity and satisfy the future 
demands accordingly. Furthermore, it was indicated by some 
subsequent studies that most user-oriented product innovations 
are contributed by the lead users [23]. Unfortunately, to date, 
the lead user theory remains mostly used to support the 
customer’s involvement in designing industrial products rather 
than consumer products (i.e., the focus of this research). 
Inspired by the lead user theory, a set of customer’s 
competences for the ideation-oriented customer involvement 
are proposed. They include: social competence (C1), cultural 
competence (C2), systemic thinking competence (C3), product 
competence (C4), and technical competence (C5).  
Social Competence (C1) means a person’s capability to 
understand other’s social behaviors and act accordingly in order 
to effectively engage in different social activities. A customer’s 
social competence enables him/her to capture the latest social 
trend, and thereby to foresee the future demands towards a 
product, that are always gradually fostered in the large social 
and societal context. For example, a person who has a strong 
social competence often demonstrates himself/herself as being 
able to quickly identify what is the most popular product in the 
unique social context. The customer’s social competence is 
critical for the success of functional design, because the rapid 
identification of mainstream customer needs is always 
important in determining the ensuing design targets of 
functional requirements. It is important to point out that, the 
customer’s social competence also has impacts on his/her 
teamwork effectiveness in the collaborative ideation scenarios. 
For example, some previous studies suggest that the success of 
certain kind of engineering design teams must depend on the 
team member’s social competence [24].  
Cultural Competence (C2) refers to one’s ability to 
understand, interact with stakeholders from different cultures. 
For NPD, a customer who has strong cultural competence is 
able to generate new product/services that are widely 
acceptable, adaptable, and desirable to customers form diverse 
cultures. The customer’s cultural competence is dispensable, 
because a successful consumer product is often deployed 
globally instead of locally. Hence, it brings manufacturers great 
advantages by considering the impacts of different global 
cultures at early design stages (e.g., the conceptual design 
phase). By doing so, on one hand, it reduces the subsequent 
efforts required to modify the technical specifications of an 
established product to meet the special customer needs caused 
by cultural differences. On the other hand, the collision of 
different cultures, if adopted positively, could serve as the 
stimulus, catalyzer, and source of product innovations. Cultural 
competence consists of several levels: knowledge of one’s own 
culture, knowledge of others’ cultures, and cross-cultural 
competence. A desirable customer is preferred to have the 
cross-cultural competence, and at least the basic knowledge of 
others’ cultures. In the past, although there were some previous 
studies that attempted to measure people’s cross-cultural 
competence in general [25], few efforts have been devoted to 
study the customer’s cultural competence for product design in 
particular.   
Systemic Thinking Competence (C3) means one’s ability 
to understand how separate components are mutually 
interrelated to become an integrated system. The involved 
customer’s systemic thinking competence is important for NPD 
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in two ways. On one hand, it enables the customer to recognize, 
describe, and organize various dependency relationships, which 
are important for the success of early stage design. For example, 
it has been indicated by Axiomatic Design that the management 
of functional dependency determines the simplicity of design 
concepts [26]. On the other hand, the systemic thinking 
competence influences one’s ability to express his or her 
propositions (i.e., the generated ideas) in an explicit manner. 
From the designer’s perspective, a systemic description of the 
customer’s thinking pathway behind the proposed idea is even 
more valuable and insightful than the idea itself. This is to say 
that, the systemic thinking competence enables the customer to 
systemically explain his/her ideation process (or design 
rationale) in addition to simply presenting the ideation 
outcome.  
Product Competence (C4) refers to one’s level of 
understanding of certain product domain (or category). It 
determines the customer’s capability to understand a product’s 
previous development in the past, and hence to predicate its 
possible evolvement in the future. From customer involvement 
perspective, product competence is probably one of the most 
indispensable competences that a customer is expected to 
possess. The product competence concerns with both product 
knowledge and use experience [27]. The product knowledge 
means the know-what knowledge of product specifications 
(e.g., product architecture, technology, material, etc.), and such 
knowledge enables the customer to describe his/her 
propositions using the notions (or terms) that can be precisely 
perceived by the designer. In contrast, the use experience refers 
to the customer’s personal perceptions that are directly obtained 
from using different products [28]. The customer’s product use 
experience can be affected by a variety of factors such as 
product performance, past use experience, context of usage, etc 
[28]. The use experience is important because it serves as the 
customer’s mental “stimulus” to ideate new product functions 
in order to arrive at an improved experience. From customer’s 
angle, it is more difficult to acquire abundant use experience 
than the product knowledge, because the former requires long-
term and frequent usage of diverse products produced by 
different manufactures; in contrast, the latter are easily 
accessible from the Internet.  
Technical Competence (C5) means the customer’s 
capability to generate, describe ideas as technical systems. The 
technical competence are composed of both know-what and 
know-how knowledge. In specific to NPD, the know-what 
knowledge means the understanding of current technologies 
and their applications within certain product domain, whereas 
the know-how knowledge means the domain-independent 
knowledge of some general technical or physical principles, for 
example, the Newton’s Laws. From designer’s perspective, the 
involved customers are preferred to have both know-what and 
know-how knowledge. As a matter of fact, for the 
manufacturers, one way to promote product innovations at the 
technical design phase is to involve customers with the 
technical competence acquired from an analogous industry 
[27]. In practical applications, it is expectable that the 
customers with sufficient technical competence often have 
strong engineering backgrounds. 
At different design phases, the involved customers are 
preferred to possess different competences. On one hand, it is 
not always simple, if not impossible, to find the perfect 
customers who happen to have all the above competences. On 
the other hand, even the same competence may have different 
impacts on ideations occurring at different design phases. For 
instance, although the customer’s technical competence is 
anticipated to play a key role at the technical design phase of 
NPD, its usefulness at the functional design phase might be very 
limited. In fact, according to some previous studies [20], the 
consideration of abundant technical details at early phases is 
likely to limit one’s design creativity. Therefore, it is often 
necessary to assign the weight of importance to each customer 
competence depending on the different design phase in 
question. NPD is always a dynamically changing social-
technical process, in which various social realities drive the 
early stage design, whereas many brute realities dominate the 
later stage design. As a result, the social and cultural 
competences are each regarded to be more important at the 
functional and conceptual design phase respectively, whereas 
the product and technical competence are each viewed to be 
more important at the conceptual and technical design phase 
accordingly.  
4. Evaluation of Customer’s Ideation Outcome 
Provided that the customers with desirable competence have 
already arrived at multiple concrete ideas of new 
product/service (i.e., step (2) of the “ideation-oriented 
customer involvement” value adding model), the next move is 
for the designer to assess the quality of the customer’s ideas 
based on certain design metrics (i.e., step (3) of “ideation-
oriented customer involvement” model). Evaluation metrics 
play the role of distinguishing good ideas from bad ones. In the 
real world, it is common that various metrics are often 
randomly used by the designer for diverse evaluation purposes. 
Some of the metrics are obtained based on observation and 
experience of good design practices, whereas some of them are 
directly derived from various domain knowledge and practical 
requirements. Nevertheless, the involved customers have 
neither the comprehensive design knowledge nor the abundant 
design experience, so it is really unfair/ineffective to directly 
use these strict/specific metrics, which are supposed to be 
imposed on the designers, to evaluate the customer’s ideation 
outcome. In contrast, the evaluation metrics used for the 
ideation-oriented customer involvement should allow certain 
degree of flexibility to accommodate the designer’s subjective 
bias on the customer’s invoice ideas. Additionally, the 
evaluation metrics should also be general sufficient to allow 
further modifications by the designers. Finally, in order to gain 
the benefits of a broad applicability for different product 
categories, we further require that the evaluation metrics must 
be developed to be domain independent (as opposed to domain-
dependent).  
Rather than directly adopting the existing metrics that are 
mostly developed for specific product categories [29-30], this 
research introduces a set of domain-independent metrics that 
are inspired by the relevant study of abductive reasoning in 
logic to facilitate the evaluation of customer’s ideation 
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outcome. Abductive reasoning is one of the three fundamental 
reasoning patterns (the other two are inductive reasoning and 
deductive reasoning) in logic [31]. It plays the role of proposing 
a hypothesis to either explain an existing observation or to 
achieve a desired consequence. It should be noted that, the 
ideation-oriented customer involvement highly resembles a 
typical abductive reasoning process. Specifically, based on 
relevant observations of certain market opportunity, multiple 
candidate ideas are proposed or suggested by the customer, and 
evaluated by the designer for the most promising idea. 
Peirce [31] suggested three criteria, “explanatory”, 
“testable”, “economic” to describe a promising abductive 
reasoning outcome (i.e., a hypothesis). The criterion of 
“explanatory” means that the hypothesis properly explains the 
given observation. The criterion of “testable” means that it is 
possible to validate the hypothesis properly. Finally the 
criterion of “economy” means that it is affordable to carry out 
the validation of the hypothesis. Under the criterion of 
“economy”, Peirce also suggested three more specific criteria 
including: “clarity”, “simplicity”, and “analogy” [31]. Clarity 
means that the hypothesis can be decomposed into more 
detailed elements. Simplicity means that the hypothesis is 
easily understandable. Analogy means that the hypothesis 
involves familiar knowledge. Note that, the criterion of 
“economy” in abductive reasoning resembles the strategy of 
“satisficing” in decision making [32]. Both emphasize the 
importance of seeking for the good enough options instead of 
the optimized options (i.e., to satisfies rather than to optimize). 
Apparently, such satisficing strategy is especially meaningful 
for the ideation-oriented customer involvement, where it is 
extremely difficult, if not impossible, to purely reply on the 
customer along to arrive at an optimal solution without the 
designer’s professional advices in the first place.  
We present a set of evaluation metrics that are suitable for 
the ideation-oriented customer involvement model. These 
metrics include clarity (M1), feasibility (M2), testability (M3), 
simplicity (M4), and analogy (M5). First, by dictionary 
definition, clarity means the “lucidity of understanding and 
freedom from ambiguity”. In design, clarity can be interpreted 
as the explicit understanding how separate information are 
synthesized to become a whole system. It is expected that the 
metrics of clarity (M1) will be positively correlated with the 
customer’s systemic think competence (C3) and product 
competence (C4). Second, the metrics of feasibility (M2) 
measures how well a new product satisfies the required 
functions. Since product development is essentially a social-
technical integrated activity, it is expected that the customer’s 
social (i.e., C1) and technical competence (i.e., C5) will have 
the demertiming influences on the final feasibility of any new 
products. Third, the metrics of testability (M3) measures the 
difficulty of realizing the idea proposed by the customers. 
Testability is a measure that faciliates the designer to decide 
whether or not an idea ought to be brought to the next design 
phase for futher implementation. The rationale of measuring 
the testability of an idea is to counterbalance the feasibility, 
because not all feasible ideas are affordable to the 
manufacturers to produce from the practicl point of view. It is 
expected that the metrics of testability might be positively 
collocated to the customer’s product competence (C4) and 
technical competence (C5). Next, the metrics of simplicity (M4) 
refers to the idea’s state of being simple. In abductive reasoning, 
simplicity means “adding least to what has been provided” [31]. 
It is expected that the customer’s systemic think competence 
(C3) and product competence (C4) will determine the overall 
simplicity of the new product. Traditional approaches prescribe 
differently how to arrive at the state of being simple. For 
example, Axiomatic Design believes that the simplest design is 
the functional uncoupled design that contains the least physical 
uncertainty [25]. In contrast, TRIZ believes that the design that 
consumps least resources is the simplest design. Finally, 
analogy means the cognitive process that transfers useful 
information from a particular object to another particular object 
to realize a different intent. In our method, the metrics of 
analogy (M5) is used to measure the similarities between the 
new idea proposed by the customer with the existing products 
in the market. It is expected that the metrics of analogy might 
be positively collocated to the customer’s social competence 
(C1), cultural competence (C2), and product competence (C4). 
  
Figure 1: A new framework of ideation-oriented customer involvement 
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In practice, the effectiveness of using these metrics is 
determined by two factors. On one hand, the meanings of every 
metrics must be clearly understood by the assessor. On the 
other hand, a systemic evaluation procedure must be strictly 
followed to measure each metrics. In that regard, in another 
paper that focuses on elaborating the practical usage of these 
evaluation metrics [33], we explicitly explain the meaning of 
each metrics in the context of conceptual design, and prescribe 
an objective procedure of how to use every metrics to describe 
different aspects of a premature design concept.  
5. Conclusion 
This paper presents some initial attempts to study the 
effective customer involvements for the new product 
development process. In particular, the focus lies in two critical 
questions regarding the ideation-oriented customer 
involvement: WHO are the qualified customers to involve? 
How to evaluate the involved customer’s ideation outcome? On 
one hand, a variety of customer competences are suggested to 
assess the customer’s qualifications, which include: social, 
cultural, system thinking, product, and technical competence. 
On the other hand, a set of domain-independent metrics, which 
are inspired by the studies of abductive reasoning, are 
prescribed to facilitate the designer in evaluating the customer’s 
ideation outcomes, which include: clarity, feasibility, 
testability, simplicity, and analogy. Together, a new framework 
of ideation-oriented customer involvement is developed, as 
illustrated in Figure 1.  
Future works of this research include three directions. In 
terms of the proposed customer competences, our current works 
qualitatively described what constitutes a qualified customer to 
involve (i.e., how to identify the right customer) in terms of 
his/her desirable competences, future works include developing 
new method or strategy with respect to where to find those right 
customers and how to quantitatively measure their competences 
for different design phases. In regard to the proposed evaluation 
metrics, our current works explained the meaning of each 
metrics and prescribed how to measure them in a systemic 
manner, future works include applying these metrics to solve 
real-world design problems as a way to validate their practical 
usefulness and to refine them accordingly. Furthermore, we 
also intend to explore the correlation between different 
customer competences with different ideation metrics, which 
are hypothesized in the discussions of section 4.  
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